SI 1. Tether design and single-molecule magnetic tweezers experiments on RH120
Supplementary Figure 1 . Design of DNA/RNA tethers. Two tether constructs were used for investigating the translocation activity of Rho: R500 and RH120 (see Figure) . The frequency of events, rates and processivities of Rho translocation observed in R500 and RH120 were indistinguishable within experimental error. Design, data, and best fit parameters for each tether are shown in Figure 2A and SI 5. The mean velocities and processivities shown in the main text are thus an average of all events. (A) In R500, a 1.7kb-long single-stranded RNA molecule was annealed to two single-stranded DNA molecules (black lines) to form two regions of DNA/RNA hybrids, and a central, un-annealed, 500 nt-long ssRNA region (blue lines) (see Materials and Methods in main text). The Rut site (yellow) is located at 120 nt from the 5'-end of the central ssRNA, and at 314 nt from the 3' junction. (B) In RH120, the ssRNA region contained a long, 120 bp hairpin 80 nt away from the Rut site (yellow). In both cases, the bottom DNA handle contained a biotin at its 3'end (used to attach it specifically to a BSA-biotin-coated coverslip surface preincubated with streptavidin) whereas the top handle contains a digoxygenin at its 5'end (used to specifically attach it to an anti-digoxygenin-coated magnetic bead). Translocation rates and processivities were obtained as schematized in Figure 3C and described in Materials and Methods. Raw data are shown (34 Hz acquisition rate). For clarity, traces of other beads in the field of view are not displayed, and tether extensions were vertically shifted. Singlemolecule shortening events are marked by arrows. In the majority of events (>85%), the RNA extension recovered instantaneously, as shown in Figure 3C , while in ~15% of events the recovery of extension was gradual. DNA around gyrase at 1 pN of force inhibits the wrapping rate by a factor of 5 10 -4 (9) . In the case of gyrase, wrapping is required in each mechanochemical cycle, thus mild amounts of force have a direct effect on the processivity and initiation rate of the reaction. In contrast, wrapping of Rut by the PBS is not lost during translocation, therefore only the initiation rate, and not the processivity would be expected to be affected by force.
Due to intrinsic limitations in our magnetic tweezers setup, only binding events producing spontaneous changes in extension larger than ~10 nm are detectable. Thus, we are not able to detect the binding of individual binding sub-steps. These binding events are, in addition, infrequent (see above) and uncorrelated, thus even if their cumulative effect would produce a change in extension theoretically detectable (~28 nm), they become obscured by long-term drift and limited instrument resolution (see Supplementary Figure 6 ). In brief, our observations are consistent with
Rho binding Rut in a step-wise manner, slowly and with extension changes undetectable in our setup (~ 5 nm). Thereby, at the beginning of an event of single-molecule RNA translocation by Rho, pre-association and assembly steps have already taken place. This interpretation is consistent with the low frequency of occurrence of translocation events observed in our experiments. In addition, we note that a recent study using force-spectroscopy showed that even when RNA is relaxed to zero force to promote Rho binding, most of the force-elongation curves do not display any Rho binding event (95%) (7).
A fundamental difference between Koslover's and our experiments lies in the moment when force is applied on RNA. In Koslover's setup, the Rho:RNA complex is formed at zero force and, then, an increasing force is applied on RNA to probe the transition energy barriers (in the form of 'rips' in extension versus force curves) along the Rho:RNA dissociation pathway. An important limitation of that configuration is that reaction time courses cannot be monitored directly. In our case, a constant tension on RNA (at least ~7 pN) was applied throughout the experiment (i.e., even before Rho was added) to "counter" Brownian motion and provide sufficient spatial resolution to monitor Rho-dependent tether extension changes in real time. An intrinsic limitation of this setup is that force-dependent reaction steps are kinetically slowed down, sometimes to the extent that they are impossible to detect unambiguously from instrumental noise.
Supplementary Figure 6. Simulations to exemplify under which conditions wrapping
of PBS by Rho may be observable by magnetic tweezers. We performed computer simulations to determine under which experimental conditions magnetic tweezers may be able to detect changes in tether extension corresponding to the wrapping of RNA to the full PBS, or a subset of PBS sites. To construct extension traces, each data point was randomly drawn from a gaussian distribution with standard deviation equal (A, C-E) to or better (B) than the resolution of our instrument. The baseline was very slowly shifted over time to simulate the small changes in experimental drift that cannot be corrected using our drift-correction algorithm (usually at timescales of several minutes). RNA shortening events due to wrapping of RNA to each PBS site were simulated to happen instantaneously. Red lines show the extension of the tether without noise.
Discrete changes in extension correspond to individual wrapping/unwrapping events. Grey curves correspond to raw data (34 Hz, same as the experimental frequency). Green curves correspond to a boxcar average of the data (1 Hz).
(A) Simulation of the cooperative binding of RNA to the full PBS. This would lead to an extension change (~28 nm) that should be experimentally detectable under our conditions and resolution.
This large change in extension should happen independently of the presence of ATP. We did not observe these transitions under any condition in our experiments. This result is consistent with the very large inhibition (~ 10 -21 ) exerted by tension on the tether for such a large transition (see Supplementary Figure 5 ). Scheme of the simulated transition is shown on top. Small changes in tether extension similar to those expected from simulations can be observed before and after the active translocation event. These changes could correspond to partial wrapping of RNA to PBS. Unfortunately, due to the instrument resolution and the time scale of these changes, it is impossible to tell whether these correspond to instrumental noise or to real changes in RNA extension induced by Rho binding. 
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Supplementary Figure 13.
To further verify the integrity of the RNA tethers, we used total internal reflection microscopy (TIRFM) to directly visualize surface-attached tethers by the fluorescence emission of intercalating dye (YOYO-1). The surface was passivated using a polyethylene glycol brush and tethers were specifically attached by streptavidin-biotin interactions. Under these conditions, the estimated tether extension was 900 ± 70 nm, consistent with the expected tether length when taking into account the ~50% length increase of the DNA/RNA handles due to intercalation ( 1200 bp * 0.34 nm/bp * 1.5 + 500 nt * 0.59 nm/nt = 907 nm). In these experiments, the center of the tether shows a lower fluorescence intensity (see Figure) in agreement with a poor labeling of the single-stranded region by the intercalating dye. In Figure, the R500 construct,
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tethered to the surface of the reaction chamber, is imaged after labeling with the YOYO-1 intercalating dye (see Figure) . The tether is imaged while the direction of the flow is changed from left to right.
